Background: Quality of health care needs to be improved in rural China. The Chinese government, based on the 1999 Law on Physicians, started implementing the Rural Doctor Practice Regulation in 2004 to increase the percentage of certified physicians among village doctors. Special exam-targeted training for rural doctors therefore was launched as a national initiative. This study examined these rural doctors' perceptions of whether that training helps them pass the exam and whether it improves their skills. Methods: Three counties were selected from the 4 counties in Changzhou City in eastern China, and 844 village doctors were surveyed by a questionnaire in July 2012. Chi-square test and Fisher exact test were used to identify differences of attitudes about the exam and training between the rural doctors and certified (assistant) doctors. Longitudinal annual statistics of village doctors were further analyzed. Results: Eight hundred and forty-four village doctors were asked to participate, and 837 (99.17%) responded. Only 14.93% of the respondents had received physician (assistant) certification. Only 49.45% of the village doctors thought that the areas tested by the certification exam were closely related to the healthcare needs of rural populations. The majority (86. 19%) felt that the training program was "very helpful" or "helpful" for preparing for the exam. More than half the village doctors (61.46%) attended the "weekly school". The village doctors considered the most effective method of learning was "continuous training (40.36%)" . The majority of the rural doctors (89.91%) said they would be willing to participate in the training and 96.87% stated that they could afford to pay up to 2000 yuan for it.
Background
Geographic discrepancies, especially urban-rural disparities, in healthcare resources and availabilities exist in China, as in other developing countries. With its economic growth during the past four decades, the Chinese government has introduced a number of measures aiming to narrow these disparities and improve healthcare in rural areas.
Based on the Law on Physicians issued in 1999, the Rural Doctor Practice Regulation [1] was issued in 2004 as a national regulation aiming to improve the quality of the healthcare workforce in rural China. The law stipulates required qualifications and related training programs and curricula for rural doctors who work in the village health clinics of rural China.
Village health clinics are always the first choice of rural residents seeking medical care [2] . They are the bottom of the rural three-tier health care network that consists of county-level health care facilities, township hospitals, and village health clinics [3] . The healthcare workforce in such clinics is composed of all the members working there [4] . The doctors, based on their qualifications, are classified as certified physicians, certified assistant physicians, rural doctors, and health workers [5] .
The modern history of the training and qualifications of village doctors goes back more than 60 years, to the founding of the People's Republic of China in 1949. That year, regulations related to qualifications for village doctors began to be created. They have evolved through four successive phases since then. The first phase was the "prebarefoot doctor period (1949) (1950) (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) (1959) (1960) (1961) (1962) (1963) (1964) )" [6] . When the Republic was established, the health system in the country was not well-developed, and the health system in rural China was especially weak. In 1951, the government put forward the Protocol of Specific Implementation Measures for Establishing Rural Health Organizations. It allowed some literate young people to be recruited to work at village health clinics after they received 2-6 months of medical training [6] . During this period, the focus was on establishing the village-level healthcare infrastructure, and the standard for being becoming a village doctor was low.
The second phase was the so-called "barefoot doctor boom period (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) )" [6] . During this time, the concept of "barefoot doctor" was developed and, as a result, both the quantities and the quality of physicians were gradually improved. One was required to be trained for 3 months per year for 3 years before becoming a barefoot doctor. The number of these doctors grew to 1.46 million during this period, and they played a very important role in delivering healthcare in rural China.
During the third period (1981-1998), the "barefoot doctors" became "rural doctors." Rapid economic growth led to a change from a "need for a doctor" to a "need for a good doctor." In 1981, the government implemented a required exam specifically designed for barefoot doctors. Those who passed the exam received the certificate of rural doctor; those who failed only received the certificate of village health worker. The term "barefoot doctor" was no longer used.
"Rural doctors" have become "certified (assistant) physicians" during the fourth period (1999-present). The 1999 Law on Physicians states that rural doctors can pass the national exams to become certified physicians or certified assistant physicians [7] . A certified assistant physician, differing from a certified physician, can provide care at the village health clinic or the township hospital independently, or provide care at a higher-level hospital under the supervision of a certified physician. In addition, a certified assistant physician who has worked for several years may take the exam to become a certified physician. Some major national laws and regulations are listed in Fig. 1 .
In 2004, the Rural Doctor Practice Regulation [1] was passed as a supplement to the 1999 law, stipulating that "in principle, only certified (assistant) physicians can be licensed as doctors at the village health clinics" and encouraging "the existing rural doctors to take the exam and become certified (assistant) physicians." More recently, the National Rural Doctor Education Plan (2010-2020) has set a goal that "the majority of village doctors should have the qualifications of certified (assistant) physicians by 2020" [8] . The Plan points out that the local government may provide physician-examtargeted training for rural doctors who lack the qualifications of certified (assistant) physicians. Based on national statistics, however, nearly 70% of village doctors remain rural doctors in 2014 [5] , indicating that it is proving to be a challenge to reach the goal of the Plan.
It is of great interest from the policy and public health perspectives whether and to what extent the Rural Doctor Practice Regulation and related certification exam training is helpful in encouraging and preparing rural doctors to become certified physicians. Furthermore, it is important to know whether the certification exam and the related training programs are beneficial to village doctors in regard to meeting the healthcare needs of rural residents.
Studies have shown that the quality of village doctors in rural China remains low, even after the implementation of the Rural Doctor Practice Regulation. Clayton and colleagues (1993) reported that inadequate sterilization during practice was common among village doctors, and that they often didn't give adequate advice to patients who may carry infections [9] . Studies pointed out that the percentage of antibiotic prescriptions, especially intravenous injections, was very high in rural China [10, 11] . The literature suggested that over-prescribing antibiotics was very common [12] , and the clinical competencies of village doctors needed improvement [13] .
The literature has shown that training targeting the certified (assistant) physician exam for the graduating class of undergraduate medical students is helpful [14, 15] . However, very few studies have looked at examtargeted training for village doctors in China, probably due to the fact that it has only been several years since the National Rural Doctor Education Plan (2010-2020) initiative began. Li and colleagues studied routine traditional training of village doctors in China and found that the training status and needs of rural doctors in China were disjointed [16] . Zhang and colleagues pointed out that "web-based training could be a novel pathway" [17] to remedy this deficit. Table 1 "what is already known" and "what this study adds" to this subject.
Methods

Study design and data
This study collected data from a cross-sectional survey being conducted in July, 2012, in Changzhou City in the eastern province of Jiangsu, China. The survey was part of a study on the health workforce in village health clinics. Another part of the study dealing with the shortage of village doctors and their job satisfaction can be found elsewhere [18] . Changzhou is a prefecture-level city. While per capita GDP in 2014 was 46,629 yuan in the whole mainland, that of Jiangsu province was 81,874 yuan, ranking it fourth among the 31 provinces [19] . The per capita GDP of Changzhou in 2014 was 104,423 yuan, ranking it fourth among the 13 prefecture-level cities in Jiangsu province [20] . Three of the four rural counties/districts in Changzhou were selected for this study. All the 844 village doctors in 363 village health clinics were asked to participate, and 837 (99.17%) ✓Many studies show low quality of health services provided by village doctors.
✓This study shows low percentage of certified (assistant) physicians based on national statistics and field survey data in Changzhou.
✓Some studies are focused on shortage of and ageing in village doctors.
✓This study shows the status of participation of exam-targeted training and out-of-pocket expenditures.
✓Very few studies are on exam-targeted training. ✓This study provides suggestions on the content and methods of training of the village doctors.
completed the questionnaire. In this study, "village doctors" refers to all persons working at village health clinics. They were asked about their qualifications and attitudes pertaining to the special exam-preparation programs for certified (assistant) physicians. We also analyzed the quantity and percentage of village doctors based on longitudinal data in annual statistic books [19] . In China, village doctors consist of certified physicians, certified assistant physicians, rural doctors, registered nurses, and village health workers, depending upon their qualifications. Those who passed the exam to become rural doctors but did not take or pass both exams to become certified physicians and certified assistant physicians are termed rural doctors. Those termed village health workers are former barefoot doctors who did not pass the exam for rural doctors. Those who passed the exam for registered nurses were certified registered nurses.
The investigation was carried out in 2012 by researchers from Fudan University with help from the local municipal health bureaus, which provided the full list of the village doctors in their area. Each village doctor completed a structured questionnaire. Questions that were related to this paper consisted of: general demographic information, qualifications, reasons for failing the exam, whether the exam and exam-targeted training was helpful in their daily work, and the cost they were willing to pay for exam-targeted training (Additional file 1).
In addition to surveying village doctors, we also collected routine data about the village clinics from the annual health statistic books of 1980 to 2014. The routine data included the number of the village-level health workforce in China (called "village doctors" in this paper) and the percentage of village doctors according to their qualifications.
Data analysis
The survey data was entered by EpiData 3.1 and analyzed using SPSS20. Data from the annual health statistic books were analyzed using Microsoft Excel 2013.
Results
Number of village doctors in rural China
As presented in Table 2 , the number of total village doctors and number of certified (assistant) physicians increased in rural China. Though the percentage of certified (assistant) physicians gradually increased from 2005, it remained low in 2014 (20.84%). All the percentages of certified (assistant) physicians in eastern, central, and western rural China are low.
Qualifications of village doctors in Changzhou
The percentage of village doctors with different qualifications is presented in Table 3 . All 844 village doctors were asked about their qualifications; 837 (99. 17%) responded. Only 125 (14.93%) of the 837 village doctors were certified physicians or certified assistant physicians. Only 125 (34.44%) of the 363 village health clinics had certified (assistant) physicians. The youngest village doctors (20-39 years) had the highest percentage of certified (assistant) physicians. Only 79 (9.46%) village doctors had an education level of college or higher, and 51.90% of the village doctors with an education level of college or higher were certified (assistant) physicians. However, having participated in the training was not correlated to the percentage of qualifications statistically (chi square test, p = 0.624).
Attitudes of village doctors about the exam
All the 844 village doctors knew about the exam, and 748 (88.63%) had taken it. We asked those who had done so Table 5 . Leading reasons for failure were: "The written test was too difficult;" they were "too old to study;" and they were "lacking targeted training."
Participants' attitudes about the training Among the 696 responding village doctors, 384 (55.17%) stated that they had attended the special exam-targeted training, whereas 312 (44.83%) had not. Those who had attended were asked about their opinions of the training (Table 6) , and 3.59 and 52.60% of the respondents pointed out that the training was "very helpful" or "helpful," respectively. As to the frequency of the training, the majority of the village doctors had attended the weekly school, however, they considered that the most effective way of training was "continuous training in school." Further, 6.51 and 9.90% of the village doctors pointed out that the most effective way for them to study was "by internet" and "on one's own," respectively. Finally, 55.20% paid less than 2000 yuan for the training, while 44.80% paid more than 2000 yuan.
Non-participants' attitudes about the training
As shown in Table 7 , according to the 312 village doctors who did not participate in the training, the leading cause of lack of participation was that they felt they were too old.
Experiences and attitudes toward training according to qualifications
As shown in Table 8 , all the village doctors, including both certified (assistant) physicians and rural doctors, felt the training was essential for passing the exam. They believed that the government should be mainly responsible for the expenses of the training. The majority of the rural doctors (89.91%) were willing to participate in the training in the future and 96.87% stated that they could afford up to 2000 yuan for the training.
Discussion
Major problems in the exam and exam-oriented training
Our findings indicated that the percentage of certified (assistant) physicians among village doctors in Changzhou was below 20%, far from reaching the goal of "the majority of village doctors should have the qualifications of certified (assistant) physicians by 2020" that has been set by the government. More than 80% of the doctors did not pass the exam, and only about half of them felt that the exam was closely related to the actual health needs of rural residents. A little over half of the village doctors attended the exam preparation program, more than 85% of whom think the program was helpful. The majority of the non-certified (assistant) physicians (90%) were willing to participate in the exam-preparation program and were willing to pay fees up to 2000 yuan. However, we found that the training is of limited use in increasing the percentage of certified (assistant) physicians in village clinics who pass the certification exam. There were two possible explanations. First, the percentage of those participating in the training was low, due to the fact that many village doctors thought they were too old to become certified. Barriers in attending the training program, such as inconvenient locations and high fees, only worsened the problem of low enrollment. Second, some village doctors left their village clinics after they became a certified physician, because working at village clinics was not as appealing as working in healthcare settings at higher levels [18] . It is challenging to keep certified assistant physicians at village clinics [21] .
Needs for local government actions
Our results showed that only about 1/5 of village doctors were certified (assistant) physicians in eastern China. The percentage of certified (assistant) physicians in Changzhou was even lower than that in eastern China, which is consistent with the literature stating that few village doctors leave village clinics in more economically developed areas [18] . It is important to note that the national policy of public health equalization, which began implementation in 2009, has significantly increased the tasks and workload of village doctors, which, in turn, aggravates the problem of the shortage of village doctors [18, 22, 23] .
China is facing a dilemma between quantity and quality, resulting from the public health equalization policy. On the one hand, more village doctors are needed to implement the policy of basic public health equalization; on the other hand, the Law on Physicians and the Rural Doctor Practice Regulation set strict requirements for the qualifications for becoming village doctors, which seem to be barriers to converting or recruiting more village doctors.
To resolve this dilemma, it may be necessary to rethink the tasks of village health clinics. In general, they can be divided into two categories: clinical services being provided by the certified (assistant) physicians or other clinical staff, and administrative tasks that can be done by non-clinical staff. Many of the administrative tasks include data entry into computers and contacting patients for follow-up on chronic disease management. Nevertheless, village doctors currently are responsible for all these types of administrative work, which occupies a lot of their time that otherwise could be used to provide clinical services. It appears that a dual personnel model could work more efficiently than does the current system. That is, the certified (assistant) physicians or rural doctors are responsible for the clinical services, whereas non-clinical staff may be hired to take care of administrative tasks. The government may issue minimum qualifications for administrative staff to work at village health clinics.
The Rural Doctor Practice Regulation (2004) stipulates that "in order to meet the need for human resources...the local province-level government can formulate specific regulations of licensing based on the local conditions" [1] . In other words, the local government can determine the qualifications of [24] and Jiangsu [25] , being a certified (assistant) physician is a prerequisite to obtain a license at village health clinics. In contrast, less economically developed provinces, such as Shanxi [26] and Jiangxi [27] , allow persons with certain clinical training but who are not certified (assistant) physicians, yet, to practice as village doctors at village clinics. It should be feasible for more-developed provinces to learn from lessdeveloped provinces in this regard in order to solve the doctor-shortage problems in their own rural areas (Fig. 2 ). Meantime, they should also provide guidelines and qualifications for hiring health workers for village clinics.
Meeting the different training needs of village doctors
In terms of the goals of training, the local government should develop two training programs. One may be called the physician exam preparation program (ProgramI), focusing on helping non-certified (assistant) physicians pass the exam, while the other may be called the rural practice focus program (ProgramII), focusing on improving the practical skills of village doctors. As shown in Table 9 , only rural doctors who are potential physicians should participate in ProgramI. Those rural doctors who do not want to obtain licensure to become certified (assistant) physicians do not need to participate in the exam preparation program (ProgramI).
ProgramIwill be more likely to be implemented effectively if the following issues are addressed. First, based on the fact that only 3.13% stated that they could afford up to 2000 yuan for the training, the government should reduce out-of-pocket fees for the training to encourage more participants among village health clinic workers. Second, new educational models, including an online delivery model, needs to be developed and integrated into the educational program. This will accommodate village doctors who are too busy to participate in the face-toface training. Third, the government may use some indicators, such as education level, age, professional skill, and willingness to learn, to identify potential physicians.
ProgramII aims to improve all types of village doctors' skills to deal with emergent medical conditions, which is included in village doctor training in other countries. Tolhurst and colleagues report that rural doctors in Australia need more training related to emergency medicine [28] . Furthermore, such training should be responsive to the fact that some emergencies, such as pesticide poisoning and dog bites, are rare in urban areas but more common in rural areas in China [29, 30] .
Limitations
This study had some limitations. First, it relies on self-reported data, and recall bias might exist, in particular when information about the licensure exam and participation in the training program is being collected. Second, the field survey was only conducted in Changzhou city in eastern China, which limits the generalizability of our findings. Third, we only collected the subjective attitudes of the village doctors; more objective information such as the village doctors' licensure exam score was not collected. 
